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ABSTRACT 
The effect pH on the growth of CSI-l strain of Saccharomyces cerevisiae as well as its 
ethanol productivity was studied by using batch fermentation. The growth and theethanol 
productivity efficiency of yeast strain was studied with two conditions which were at pH 8 
and pH 9. From this study, Saccharomyces cerevisiae CSI-l strain is classified as alkaliphile 
or alkalitolerant organisms due to its ability to grow and ferment sugar at high pH. Ethanol 
productivity was determined for both pH. Study shows that fermentation conducted at pH 8 
shows quite high fermentation efficiency which was 70.07%. Although there are slightly 
different if compared to fermentation conducted at optimum condition, however, fermentation 
conducted at alkaliphilic condition can reduce the possibility of contamination. 
Key words: Saccharomyces cerevisiae, alkali phi Ie, batch fermentation 
ABSTRAK 
Kesan pH terhadap pertumbuhan ragi jenis Saccharomyces cerevisiae serta produktiviti etanol 
dipelajari dengan menggunakan 'batch' fermentasi. Dua pH yang digunakan untuk 
mengenalpasti kesan pertumbuhan dan produktiviti etanol: pH 8 dan pH 9. Kajian 
menunjukkan CSI- l ragi Saccharomyces cerevisiae boleh diklasifikasikan sebagai ragi yang 
boleh bertoleransi pada pH yang tinggi kerana kebolehan ragi ini untuk menunjukkan 
pertumbuhan dan menjalani proses fermentasi pada kondisi ' alkaliphilic'. Fermentatsi pada 
pH 8 menunjukkan kecekapan fermentasi yang agak tinggi iaitu 70.07%. Walaupun terdapat 
sedikit penurunan pad a kecekapan fermentasi jika dibandingkan dengan fermentasi yang 
dijalankan pada keadaan optimum, namun fermetasi pada pH yang tinggi dapat menurunkan 
kebarangkalian terdapatnya contaminasi pada fermentasi. 
Kata kunci: Saccharomyces cerevisiae, fermentasi etanol, pH yang tinggi 
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1.0 INTRODUCTION 
The discovery of alkaliphiles or alkaliphilic microorganisms was fairly recent. Alkaliphiles 
remained little more than interesting biological curiosities and only a few further industrial 
applications were attempted or even contemplated. The applications of alkaliphilic 
microorganisms have been applied in biological industry such as the production of biological 
detergents that contain alkaline enzymes, such as alkaline cellulases and alkaline proteases 
that have been produced from alkaliphiles (Horikoshi, 1999). However, less research has been 
conducted in the bioprocess field like ethanol fermentation. The potential for the application 
of alkaliphiles in fermentation industry have been highly appreciated and therefore, the 
exponential increase in research allied in this topic is still running in progress. 
Over the past few decades, studies were focused on the enzymology, physiology, ecology, 
taxonomy, molecular biology, and genetics of isolates to establish a new microbiology of 
alkaliphilic microorganisms. Industrial applications of these microorganisms have also been 
broadly investigated and have been put to use on an industrial scale. Alkaliphiles have clearly 
gained large amounts of genetic information by evolutionary processes and posses an ability 
in their genes to cope with particular environments. Therefore their genes are highly valuable 
source of information waiting to be explored and exploited by the biotechnologists. 
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Industrial ethanol production is dependent on the microbial activity, particularly yeast (Banat 
et aI., 1998). In this study, Saccharomyces cerevisiae CSI-1 was used due to its ability to 
grow and produce ethanol at high pH. Saccharomyces cerevisiae belongs to the genus 
Saccharomyces. It has been used widely in brewing and wine production and accumulates 
high concentration of ethanol. Previous study was conducted by Piskur et al., (2006) to 
elucidate when and why yeasts produce high concentration of ethanol. The study was 
conducted on Saccharomyces cerevisiae and concluded that this strain owe a combination of 
several properties including fast growth, efficient glucose consumption, good ability to 
produce and tolerate high concentration of ethanol and also tolerant to several environment 
stresses. 
This study was carried out to test the Saccharomyces cerevisiae CSI-1 on its ability to grow at 
high pH as well as ethanol productivity. The main objective of this study is to investigate the 
effect of pH on the growth of isolated Saccharomyces cerevisiae strain. Two different pH 
which were pH 8 and pH 9 were used to study the effect of the pHs on the growth of 
Saccharomyces cerevisiae by using batch fermentation. The glucose concentration and the 
ethanol production were also studied. Besides, this study were conducted to determine the 
ability of Saccharomyces cerevisiae CSI-1 to grow and produce ethanol at high pH, to 
determine the efficiency of ethanol production at alkaliphilic condition and to compare the 
ethanol production at pH 8 and pH 9. 
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This study is performed due to a number of advantages in ethanol production by alkaliphiles. 
Most industrial-scale ethanol production processes are operated with the presence of numbers 
of bacterial contaminants (Chang et al., 1996). Bacterial contamination causes reduction in 
ethanol fermentation. As claimed by Chang et al., (1996), lactic acid bacteria are the major 
contaminants in ethanol fermentation. Due to the contamination factor, increasing pH can 
control the amount of contaminants in ethanol production and maximize the product. Besides, 
this study also can reduce the cost of industrial processes by eliminating the use of highly 
expensive antibiotic to control contamination and even more to avoid the possibility to 
generate resistance against the antibiotics which could be a public health problem. 
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2.0 LITERATURE REVIEW 
2.1 The general properties of yeast 
There are broad definitions of yeast but basically yeast is known as unicellular fungi. 
Approximately 1500 species of yeast is currently described. The precise classification of yeast 
is based on the characteristics of the cell, ascospore and colony. The physiological 
characteristics of yeast determine in which species they are classified. Yeasts are 
phylogenetically diverse and it is classified into two phyla, Ascomycotina and 
Basidiomycotina. Yeasts reproduce asexually either asymmetric division called budding, 
symmetric division called fission (Boekhout and Kurtzman, 1996). Budding is the process in 
which small bud emerges from the surface of parent cell and enlarges until it is almost the 
same size as the parent while for fission, rod shaped cell grows at the edge of cell and divides 
in half to produce two daughter cells of equal size. 
Saccharomyces cerevisiae or more popularly known as the baker's yeast has been used in the 
ancient time for brewing and baking. Saccharomyces cerevisiae present in pseudomyceliac 
fonn and grouped in Saccharomyces genus. It exists in both haploid and diploid forms. The 
haploid life cycle include mitosis, growth and death phase due to extreme stressful condition 
while in diploid, the cells undergo the same process as in haploid. However, the same 
stressful condition reSUlting further sporulation and undergo meiosis producing haploid spores. 
The variation among yeasts can be observed by the ability of the yeast to ferment sugar and 
producing carbon dioxide as a byproduct (Barnett et al., 1983). Some yeast has the ability to 
fennent sugar rapidly but some ferment sugars at low level or even no fermentation at all. , 
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2.2 Alkaliphile and their benefits in fermentation 
The common characteristic of yeast has been applied in the process of fennentation in which 
yeast is used to fennent sugar and give off ethanol and carbon dioxide. According to 
Horikoshi (1999), there is no precise definition to characterize the tenn alkaliphile because 
several microorganisms possess more than one optimum pH for growth depending on growth 
conditions such as nutrients, metal ions and temperature. Hence, in this study, the tenn 
alkaliphile can be defined as organisms that able to fennent sugar at pH more than 8. The 
ability to grow at higher pH gives advantage to fennentation in a way that the fennentation is 
conducted at alkaliphilic condition and able to produce ethanol with less or no contamination 
due to unfavourable growth condition of bacteria. 
Alkaliphilic microorganisms can be divided into two main physiological group called 
alkaliphiles and haloalkaliphiles. Both groups require different type of growth conditions. 
Alkaliphiles grows at alkaline pH of 9 and achieve the optimum growth at pH around 10 
while haloalkaliphiles require both alkaline and high salinity to enable them to grow 
(Horikoshi, 1999). Alkaliphiles are mainly isolated from a neutral environment or from acidic 
soil samples and faeces. Haloalkaliphiles were found mainly in extremely alkaline saline 
environment. 
The ability of alkaliphiles microorganisms to grow at an extreme alkaline environment is due 
to its special physiological features such as the presence of acidic polymers and excess of 
hexosamines and amino acids in the cell wall (Horikoshi, 1999). 
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2.3 Ethanol production by yeast 
Ethanol or also known as ethyl alcohol is clear, colourless liquid. It taste as sweet flavour in 
diluted state but can be flammable in concentrated solution. Ethanol with the molecular 
formula of CH3CH20H is an alcohol with a hydroxyl group, -OH bonded to a carbon atom, C. 
Ethanol melts at -114.1 °C, boils at 78.5°C and has a density of 0.789 glmL at 20°C. Ethanol 
has made by the fermentation of sugars. Saccharomyces cerevisiae is the most widely used 
yeast for ethanol fermentation. S. cerevisiae able to ferment sugar rapidly under anaerobic 
condition to produces biofuel, beverage and carbon dioxide. The fermentation reaction can be 
represented by a simple equation: 
Previous research bas proven that yeast able to convert about 90% of sugar into ethanol and 
the by-product is mainly carbon dioxide under optimum anaerobic condition. The raw 
material for fermentation is usually simple sugar such as glucose and converted into ethanol 
and carbon dioxide by glycolysis pathway. Theoretically, 1 gram of glucose can produce 0.51 
gram of ethanol and 0.49 gram of carbon dioxide. 
The production of ethanol by fermentation is an essential process in the world since the oil 
crisis has made huge impact on world economy in addition to the depletion of non-renewable 
fossil fuel, petroleum and coal. Therefore, alternative energy particularly ethanol has gained 
more important as fuel additives (Aziz, 2002). 
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Fennentation can be conducted with four different operation namely batch, continuous, fed­
batch and semi-continuous. According to Mendes et al. (2004), batch fennentation is the most 
widely used for ethanol production and it is the most classical method that has stood for 
hundred years. The best reason why batch method is used is because it only possesses low 
investment cost and less control require as well as low labour skill (Caylak & Vandar, 1998). 
2.4 Batch fermentation 
Batch fennentation is a closed system process. The feed only introduced once which is at the 
beginning of the process. Batch process is the most commonly used method in ethanol 
production. Batch fennentation is easier to set up and require only limited knowledge to 
operate it compared to other method of fennentation. Stirring is continuously applied in both 
aerobic and anaerobic process to ensure better distribution of nutrients. Batch system is ideal 
due to its low maintenance cost and low risk ofcontamination. 
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3.0 MATERIALS AND METHODS 
3.1 Microorganism and culture conditions 
Saccharomyces cerevisiae CSI-l yeast was used as microorganism in this experiment. The 
strain was grown on 20 giL glucose, 5 giL yeast extract at 37°C. Subculture was done every 
two weeks. 
3.2 Inoculum preparation 
Active culture for inoculation was obtained in 250 mL of Erlenmeyer flask with 200 mL of 
growth medium containing 20 giL glucose and 5 giL yeast extract. The pre-culture was grown 
on rotary shaker at 37°C for 12 hours. The pre-culture was centrifuged at 5000 rpm for 10 
minutes to harvest the cells. 
3.3 Fermentation medium 
Fermentation medium consists of 30 giL glucose and 5 giL yeast extract. Approximately, 21 g 
of glucose and 3.5 g of yeast extract have been weighted and dissolved in 700 mL of water. 
The solution was autoclaved at 121°C for 20 minutes. 
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3.4 Batch fermentation system 
Batch fennentation was perfonned in I L fennentor. The total working volume of the 
fennentation was 700 mL (70% of working volume). The temperature was fixed at 37°C and 
agitation rate at 250 rpm. The pH was regulated at pH 8 and pH 9 as desired. The optical 
density, temperature, agitation, and pH were monitored manually. 
During the fennentation, 10 mL of broth sample was taken every 3 hours to detennine the 
residual glucose and ethanol concentration. The samples were centrifuged at 5000 rpm for 10 
minutes to remove the cells. The supernatant was kept at 4°C for further analysis. 
3.5 Analytical procedures 
3.5.1 Ethanol and Glucose determination 
Ethanol and glucose concentrations were detennined by HPLC. The analysis was perfonned 
on a Shimadzu (Kyoto, Japan) chromatographic system equipped with Shimadzu LC-20AT 
(four pumps) and Shimadzu RID-lOA Refractive Index Detector. Chromatographic separation 
was perfonned on a fennentation monitoring column, Aminex (7.5 mm x 150 mm) at 65°C. 
As a mobile phase, 0.005 M of H2S04 at a flow rate of 0.8 mLimin was used. 20 /-11 of sample 
was injected into the column. Ethanol and glucose standards were injected into the column at 
the same conditions used as in sample detection. A standard curve was obtained by using 
ethanol and glucose standards to estimate ethanol and glucose equivalent values. 
10 
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3.5.2 Dry cell weight determination 
Sample for dry cell weight was taken from the fennentation broth. The sample was 
centrifuged at 5000 rpm for 10 minutes. The pellet was collected and washed with 
hydrochloric acid (HCI). The pellet was then dried in 60°C incubator for 3 days before 
weighted. Dry cell weight was detennined and plotted against optical density to be used as a 
calibration curve for the correlation of the two parameters. 
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4.0 RESULT AND DISCUSSION 
4.1 Morphology of isolated strain Saccharomyces cerevisiae 
Figure 1: Saccharomyces cerevisiea CSI-l seen under compound microscope. 
Figure 1 shows the compound microscope view of of Saccharomyces cerevisiae CSI-l. 
Saccharomyces cerevisiae is a unicellular microorganism. Unlike other eukaryotes, 
Saccharomyces cerevisiae able to grow on defined media with a complete control over the 
environmental parameter (Feldman, 2010). Yeast can be easily controlled to its classical 
genetic techniques and the functions have been greatly studied by biochemical approaches. 
(Strathern et at., 1981; Broach et at., 1991; Guthrie & Fink, 1991). 
Saccharomyces cerevisiae CSI-l has an ellipsoidal shape. The shape is ranging from 5 to 10 
J.1m at large diameter and 1 to 7 Jlm for small diameter (Figure 1). Apparently, the cell 
increase in size as the age increases. 
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The cell wall of Saccharomyces cerevisiae is the most adaptable organelle. Protein that 
anchored to the stress bearing polysaccharides on the cell wall forms interface with the 
outside environment and this plays an important role in cell adaptation to certain environment, 
growth mode and the survival mode (Klis et al., 2006). This is one of the reasons to explain 
the ability of the strain Saccharomyces cerevisiae CSI-l to be able to grow at elevated pH. 
4.2 Effect of pH on the growth of Saccharomyces cerevisiae 
Figure 2 shows the effect of pH on the biomass production of isolated strain of 
Saccharomyces cerevisiae. Based on Figure 2, the length of the fermentation process IS 
affected by pH. Fermentation at pH 8 needs less time to reach the maximum cell biomass 
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Time (h) 
Figure 2: Effect of pH on biomass production 
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The growth of Saccharomyces cerevisiae CSI-I on both pH 8 and pH 9 did not show any lag 
phase. The absence of lag phase is due to the similarity of the inoculum medium and the 
fermentation medium in the fennentor. Both media are made up of the same material, which 
are glucose and yeast extract. The fermentations directly entered into the exponential phase. 
Initially, fennentation at pH 8 and pH 9 show only a slight different of optical density. As the 
process proceeded, the exponential phase of fennentation at pH 8 shows higher slope 
compared to fennentation at pH 9. This indicated that the biomass produced over time was 
faster for fennentation at pH 8 than fermentation at pH 9. 
Referring to Figure 2, the fermentation length increased as the pH increased. The length of 
fermentation at pH 8 is shorter than fennentation at pH 9. This shows that Saccharomyces 
cerevisiae take longer time to consume all the sugar in the medium at higher pH. 
Fermentation at pH 9 is less efficient than fennentation at pH 8. Previous study showed that 
pH is the most important physical factor that can influence the yeast growth. Therefore, the 
difference in fennentation time is due to the effect of the pH on the growth of the cells as it is 
observed in the figure 1. Most yeast usually grows optimally at neutral pH or less (Ulukanli & 
Digrak, 2002). Particularly, Saccharomyces cerevisiae grows at optimum pH ranging 5.6 ­
6.0. However, this isolated strain of Saccharomyces cerevisiae able to grow at pH 8 and pH 9. 
Based on the result obtained, the isolated strain of Saccharomyces cerevisiae is believed to 
have the potential to grow at pH of more than 9. This is advantageous for industrial 
application since this could be one route to control the contamination of undesired 
microorganism different to the yeast. 
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Based on Figure 2, the isolated strain Saccharomyces cerevisiae able to grow at pH 8 and pH 
9 and fennent sugar to produce ethanol. Ulukanli and Digrak (2002) stated that, there are 
organisms that capable to grow at pH more than 9 or 10 but with optimum growth at neutral 
or less pH and these organisms are called alkaliphiles or alkali tolerant. The result obtained in 
this study shows that Saccharomyces cerevisiae growth less efficiently at pH 9 but still able to 
grow at this stressing condition. Better fennentation rate can be obtained at lower pH as 
illustrated on Figure 2. 
Generally, fennentation at higher pH will reduce the fennentation rate and growth rate. These 
reductions will lead to the decrease of overall biomass. The data in Figure 2 illustrates that the 
highest optical density for fennentation at pH 8 is 0.607. Fennentation at pH 9 achieved 
highest optical density at 0.562. The growth of yeast was measured by using the optical 
density for each pH to calculate the dry cell weight with reference to the standard curve of cell 
mass versus absorbance. 
The overall maXImum dry cell weight for both fennentations is shown in Figure 3. 
Fermentation at pH 8 shows higher dry cell weight which was 0.6651 giL compared to 
fermentation at pH 9 that have 0.5949 giL. The difference in dry cell weight is due to the 
differences in fennentation efficiency which vary for each pH. 
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Figure 3: Maximum dry cell weight calculated reference to a standard curve of cell mass 
versus pH. 
The rate of increase of biomass (dry cell weight) defined the specific growth rate. The graph 
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Figure 4: Effect of the pH on the Specific growth rate of Saccharomyces cerevisiae CSI-l. 
Figure 4 shows the specific growth rate of Saccharomyces cerevisiae CSI-l. The graph 
plotted to illustrate the growth rate, substrate consumption rate and product formation rate. 
Fermentation at pH 8 shows higher peak value than fermentation at pH 9. Both fermentations 
show a gradually decrease of specific growth rate over the time. 
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